Do thermal agents affect range of movement and mechanical properties in soft tissues? A systematic review by Bleakley, Chris & Costello, Joseph
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Bleakley, Chris M. & Costello, Joseph (2013) Do thermal agents affect
range of movement and mechanical properties in soft tissues? A system-
atic review. Archives of Physical Medicine and Rehabilitation, 94(1), pp.
149-163.
This file was downloaded from: http://eprints.qut.edu.au/55779/
c© Copyright 2012 the American Congress of Rehabilitation Medicine
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
http://dx.doi.org/10.1016/j.apmr.2012.07.023
1 
 
Title  1 
 2 
 3 
Do thermal agents affect range of movement and mechanical properties in soft tissues? A 4 
systematic review 5 
 6 
1
Chris M Bleakley PhD 
2
Joseph T Costello PhD 7 
 8 
1
Health and Rehabilitation Sciences Research Institute, Faculty of Life and Health Sciences, 9 
University of Ulster, Newtownabbey 10 
2
Centre for Physical Activity and Health Research, Department of Physical Education and 11 
Sports Sciences, University of Limerick  12 
 13 
No conflict of interests declared 14 
15 
2 
 
Abstract  16 
OBJECTIVE: To examine the effect of thermal agents on the range of movement (ROM) and 17 
mechanical properties in soft tissue, and to discuss their clinical relevance.    18 
DATA SOURCES: Electronic databases (Cochrane Central Register of Controlled Trials, 19 
MEDLINE, and EMBASE) were searched from their earliest available record up to May 20 
2011 using subject headings (MeSH) and key words. We also undertook related articles 21 
searches and read reference lists of all incoming articles.  22 
STUDY SELECTION: Studies involving human participants describing the effects of 23 
thermal interventions on ROM and/or mechanical properties in soft tissue. Two reviewers 24 
independently screened studies against eligibility criteria. 25 
DATA EXTRACTION: Data were extracted independently by two review authors using a 26 
customised form.  Methodological quality was also assessed by two authors independently, 27 
using the Cochrane risk of bias tool.  28 
DATA SYNTHESIS: Thirty six studies, comprising a total of 1301 healthy participants, 29 
satisfied the inclusion criteria. There was a high risk of bias across all studies. Meta-analyses 30 
were not undertaken due to clinical heterogeneity, however effect sizes were calculated. 31 
There were conflicting data of the effect of cold on joint ROM, accessory joint movement, 32 
and passive stiffness. Acute cold applications may enhance the effects of stretching however 33 
further evidence is required. There was evidence that heat increases ROM, and a combination 34 
of heat and stretching is more effective than stretching alone.  35 
CONCLUSION: Heat is an effective adjunct to developmental and therapeutic stretching 36 
techniques and should be the treatment of choice for enhancing ROM in a clinical or sporting 37 
setting. The effects of heat or ice on other important mechanical properties (eg. passive 38 
stiffness) remain equivocal, and should be the focus of future study.  39 
 40 
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Background 52 
The application of thermal agents such as heat or cold is popular in clinical and rehabilitative 53 
settings. Altering tissue temperature can have a range of therapeutic effects through changes 54 
in metabolism, nerve transmission, haemodynamics and mechanical properties.  55 
 56 
Increasing soft tissue temperature prior to exercise is an accepted practice. This can involve 57 
active warm up, or local heat application using warm water immersion or hot packs. Heat is 58 
thought to alter the viscoelastic properties of muscles and other collagenous tissues, in 59 
preparation for physical activity or rehabilitation. Heat is also used as an adjunct to 60 
therapeutic or developmental stretching, and is often employed to treat restrictions in range of 61 
movement (ROM) due to injury or prolonged immobilisation. 62 
 63 
Cryotherapy is the use of cold for therapeutic purposes. We have previously examined the 64 
evidence base for cryotherapy in acute injury management
1
 and post exercise recovery.
2,3
 65 
Paradoxically, there is a growing trend of applying cold prior to exercise or rehabilitation.
4  
66 
Pre-cooling (based on cold water immersion, ice packs or ice vests) has gained widespread 67 
acceptance as a method of offsetting thermal strain and fatigue, and increasing aerobic
5 
and 68 
anaerobic capacity
6
 during competitive exercise. Others advocate application of cold prior to 69 
therapeutic rehabilitation exercises (Cryokinetics) to induce analgesia and increase volitional 70 
muscle activation around injured joints.
7
  71 
 72 
The benefits of using thermal interventions must outweigh any deleterious physiological 73 
effects. Recent systematic reviews advise caution with the clinical application of cryotherapy, 74 
due to short term but adverse changes to joint proprioception,
8
 muscle strength
9
 and 75 
neuromuscular performance.
10
 The biomechanical properties of collagenous tissue represent 76 
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an important component of function.  In vitro studies
11-16
 clearly show that the mechanical 77 
properties of ligament, tendon and muscle are significantly influenced by temperature; this 78 
may suggest that heat and cold should not be used interchangeably in a rehabilitation setting. 79 
Our aim was to undertake a systematic review to examine the effect of thermal agents on the 80 
ROM and mechanical properties of soft tissue in vivo, and to discuss their clinical relevance.    81 
 82 
 83 
Methods  84 
Search Strategy 85 
We searched the Cochrane Central Register of Controlled Trials (CCTR), MEDLINE, and 86 
EMBASE by combing a range of subject headings (MeSH) and key words [Cryotherapy; 87 
Cold Temperature; Ice; ice pack; cold pack; ice bath; cold water immersion; cold compress; 88 
thermotherapy; Hyperthermia, Induced; Hot Temperature; hot pack; Elasticity; extensibility; 89 
Biomechanics; mechanical properties; Stress, Mechanical; viscoelastic; Viscosity; Range of 90 
Movement, Articular; stretch; flexibility; Pliability]. Each database was searched from their 91 
earliest available record up to May 2011. We also undertook a related articles search using on 92 
Pubmed (http://www.ncbi.nlm.nih.gov/pubmed) and read reference lists of all incoming 93 
articles. English language restrictions were applied.  94 
 95 
 96 
Inclusion criteria  97 
Studies must have involved human participants, undertaking thermal interventions (hot or 98 
cold) to soft tissues; interventions could be used with or without concomitant stretching 99 
exercises. No restrictions were made on the mode, duration or frequency of interventions. 100 
Studies must have reported at least one outcome relating to ROM or mechanical properties of 101 
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soft tissue eg. stiffness or other visco-elastic properties; these could be based on either active 102 
or passive movements. There were no restrictions made on study design or comparison 103 
group. 104 
 105 
 106 
Selection of studies 107 
Two authors independently selected trials for inclusion. The titles and abstracts of 108 
publications obtained by the search strategy were screened. All trials classified as relevant by 109 
either of the authors were retrieved. Based on the information within the full reports, we used 110 
a standardised form to select the trials eligible for inclusion in the review. If necessary, we 111 
contacted primary authors for clarification of study characteristics. Disagreement between the 112 
authors was resolved by consensus, or third party adjudication. 113 
 114 
 115 
Data extraction and measures of treatment effect 116 
Data were extracted independently by two review authors using a customised form.  For each 117 
study, mean differences (MD) and 95% confidence intervals (95% CI) were calculated for 118 
continuous outcomes using RevMan software. For continuous outcomes that were pooled on 119 
different scales, standardised mean differences (SMD) were used. Treatment effects (MD, 120 
SMD) were based on between group comparisons (eg. thermal vs control) and/or within 121 
group comparisons (pre thermal vs post thermal).  122 
 123 
 124 
Risk of bias 125 
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For all included studies, methodological quality was assessed by two authors independently, 126 
using the Cochrane risk of bias tool.
17
 Each study was graded as having high, low or unclear 127 
risk of bias for the following domains; sequence generation, allocation concealment, blinding 128 
(assessor), and incomplete outcome data.  For each study, the domains were described as 129 
reported in the published study report and judged by the review authors as to their risk of 130 
bias. Disagreements between authors regarding the risk of bias for domains were also 131 
resolved by consensus.  132 
 133 
 134 
Results 135 
Included studies  136 
Figure 1 summarises the search strategy and selection process based on included and 137 
excluded studies. There were 36 eligible studies, comprising a total of 1301 healthy 138 
participants.
18-53 
 The average sample size was 35.1 with the largest study based on 120 139 
participants.
25
 Participants tended to be young, the mean ages reported in studies was 140 
between 20 and 30 years. Studies were sub-grouped based on primary treatment intervention. 141 
In the majority of cases, the thermal intervention was applied in isolation to muscle tissue; the 142 
remainder immersed entire body parts in water,
21,24,36,40,42
  or targeted a joint region.
20,38,46,52
 143 
Further methodological details of included studies are summarised in Table 1. 144 
 145 
 146 
Details of thermal interventions 147 
Heating interventions were classified as superficial agents: infra-red,
27
 hot packs,
26,31,34,35,49,50
 148 
hot water immersion (HWI)
21,24,36
  or electric heating pads
33
 and deep heating agents: 149 
ultrasound (US)
18,19,28,46,47,53
 or short wave diathermy (SWD).
23,29,30,43,48
  The duration of 150 
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treatments ranged between 30 seconds and 60 minutes. All but six studies
18,19,28,46,47,53
  151 
applied heating for at least 10 minutes. One study
50
 heated until a pre-determined muscle 152 
temperature reduction was reached; no others recorded tissue temperature changes associated 153 
with heat application.  154 
 155 
Cooling was undertaken topically, with the majority using ice cubes,
25,44,45
  cooling 156 
pads
20,38,52
 and cold water immersion (CWI),
40,42
 for durations between 10-60 minutes. A 157 
further two studies
32,41
 employed brief applications of vapo-coolant sprays. Skin temperature 158 
reductions were reported in four cases; three
20,40,52
 lowered to between 18°C and 23°C, with 159 
one study
38
 cooling to 10°C. Intra-muscular temperatures were reported in one study
40
 with 160 
reductions to 28.1ºC.  161 
 162 
 163 
Details of outcomes 164 
Twenty-eight studies recorded ROM; sixteen
18, 20,22,24,26-28,30,35,39,42,48- 51,53
 measured active 165 
ROM (hip flexion/knee  extension/ankle all movement) based on goniometric/inclinometer 166 
measurements; three of these
28,48,49
 used active, weight-bearing  ankle dorsiflexion and a 167 
single study
29 
recorded trunk flexion using a sit and reach test. Eleven
19,23,31-35,37,41,43,45
 168 
measured passive ROM (hip flexion, ankle dorsiflexion, knee extension, shoulder external 169 
rotation), and in one study,
25
 it was unclear if the ROM tested was active or passive.   170 
 171 
Six studies measured accessory joint movement (laxity) in response to anterior, posterior, 172 
valgus or varus passive forces at the knee joint, using an arthrometer
20,21,46,47,52
 or related 173 
device.
38
 Four studies
36,40,44,52
 measured passive tissue stiffness based on the relationship 174 
between joint torque and ROM. Two studies recorded passive tissue force/torque using an 175 
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isokinetic dynamometer or similar device, during slow (3-5°/sec) passive movements of 176 
either the knee
40
 or ankle
36
 in the saggital plane; in both cases real time ultrasonography was 177 
used to determine muscle fascicle length throughout the movements. Price & Lehmann
44 
used 178 
a motor driven foot plate and force transducer to measure passive ankle stiffness when small 179 
amplitude (5 degrees) oscillating forces (3-12 Hz) were applied, with stiffness outcomes 180 
dichotomised into elastic and viscous components.  181 
 182 
 183 
Follow up  184 
All studies recorded outcomes before and immediately after the intervention. Several 185 
undertook additional outcome assessment at 5,
50
 15,
52
 20
20
 and 30
33,42,47
 minutes post 186 
intervention. When studies employed multiple interventions over a period of days or weeks, 187 
we focused on outcomes reported at the end of the entire treatment package; this was after 5 188 
days,
18,24,28-30,37
 three
19,23,43
  four
45
 or six weeks of treatment.
35
  189 
 190 
Risk of bias  191 
There was a high risk of bias across all studies (Figure 2). Despite the majority of studies 192 
stating that some form of randomisation was employed, only three
20,48,49
 provided adequate 193 
details on sequence generation, and no study adequately reported allocation concealment. 194 
Blinding of outcome assessor was reported in six studies.
26,34,35,45,48,49
 Due to the nature of the 195 
intervention we did not assess blinding of participants or care givers. There was a high risk of 196 
attrition bias across all studies; just five studies
19,38,42,45,46
 were transparent in their reporting 197 
of drop outs, exclusions, missing data and approach to analysis.  198 
 199 
 200 
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Effect of Cold  201 
Hip Flexion ROM 202 
Three studies
20,39,41
 examined the immediate effect of topical cooling on hip ROM. One 203 
study
20
 found that 20 minutes of cooling over the hamstring muscle had little effect on active 204 
knee extension in supine (90 degrees hip flexion). In contrast, large increases in hip flexion 205 
straight leg raise (SLR) were recorded immediately after a 20 minute ice pack application 206 
(MD 11.78 degrees [8.82 to 14.73] versus baseline)
39
 and brief (5 sec x 6) sprays of 207 
vapocoolant (mean increase from baseline: 8.78 degrees [SD 4.97]).
41
 208 
 209 
Ankle ROM 210 
Patterson et al.
42
 measured ankle ROM before and after a 20 minute CWI of the lower limb, 211 
with follow ups recorded every 5 minutes, for 30 minutes after treatment. The only 212 
significant findings were decreases in ankle dorsiflexion at 7 and 12 minutes versus baseline; 213 
there were insufficient data for effect size calculation.  214 
 215 
 216 
Passive accessory ROM: Knee 217 
This was assessed by four studies,
20,21,38,52
 but there were few significant findings. Two found 218 
anterior-posterior tibial displacement was reduced (MD from baseline) by 0.92mm [95% CI: 219 
0.34, 1.50]
20
 and 1.00mm [95% CI: -0.59 to 2.59]
52
 immediately after cooling. Others found 220 
small effects in the opposite direction, with cooling immediately increasing knee joint 221 
displacement (MD 0.30mm [95% CI -0.42, 1.02] vs baseline)
38
 (MD 0.80mm [95% CI: -1.40 222 
to 3.00 vs control].
21
  223 
 224 
 225 
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Passive stiffness 226 
Uchio et al.
52
 found a cold induced increase in terminal stiffness during anterior to posterior 227 
tibial displacement at the knee joint (MD 22.10 Nm/mm [95% CI: 4.90 to 39.30] vs baseline).  228 
Price & Lehmann
44
 also found that both elastic (MD 0.52 Nm-sec/rad [95% CI -0.38 to 1.41]) 229 
and viscous tissue stiffness (MD 1.04 Nm-sec/rad [0.1 to 1.99]) around the ankle increased 230 
from baseline levels.  There were conflicting results when passive tissue stiffness was 231 
measured during slow, lengthening physiological movements. Muraoka et al.
40
 found that 232 
cooling increased stiffness in the triceps surae muscle and tendon unit (MD 2.00Nm/mm 233 
[95% CI: -7.05, 11.05] vs baseline), whereas Kubo et al.
36
 found a small reduction in stiffness 234 
(MD 0.80 N/mm [95% CI: -11.06 to 12.66] vs baseline).  235 
 236 
 237 
Effect of Heat 238 
Hip Flexion ROM 239 
Four studies found that hamstring heating increased knee extension 
26,31,50
  or SLR ROM.
39
 240 
The largest increase from baseline was a MD of 8.8 degrees (95% CI 4.77 to 12.83).
26
 This 241 
study
26
 also reported significant increases in ROM compared to an untreated control (MD 7.8 242 
degrees [95% CI 5.42 to 10.18]). Others found smaller effects in favour of heating when 243 
compared to icing [MD 2.3 degrees [95% CI -8.65 to 13.25],
39
 stretching (MD 2.6 degrees [-244 
3.12 to 8.12])
31
 or untreated controls (MD 0.36 degrees [-4.87 to 5.59]).
50
  245 
 246 
Ankle Dorsiflexion ROM 247 
In two studies,
48,49
 calf heating increased weight-bearing dorsiflexion ROM significantly 248 
more than untreated controls; heating was based on 15 minutes of SWD (MD 1.9 degrees 249 
[95% CI 1.04 to 2.76])
48 
or hot pack application [MD 2.68 degrees (95% CI 1.03 to 4.33).
49
  250 
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 252 
Shoulder ROM 253 
Infra-red heating at the shoulder resulted in statistically significant increases in ROM 254 
compared to placebo (MD 11.5 degrees [95% CI 2.28 to 20.72]).
27
 Although Kain et al.
34
 255 
found greater ROM after myofascial release compared to a 20 minute hot pack; between 256 
group differences were small and statistically insignificant.  257 
 258 
 259 
Passive accessory ROM: Knee 260 
Using a single group (before/after) design, Reed & Ashikaga
46
 found that 8 minutes of knee 261 
joint heating with US increased passive knee joint displacement from baseline. The largest 262 
change from baseline was an increased varus/valgus displacement (at 20 degrees of knee 263 
flexion) of 1.3 mm [95% CI -0.9 to 3.5]. In an RCT, Benoit et al.
21
 compared passive knee 264 
joint displacement, before and after either hot water immersion (HWI) or control; there was a 265 
small trend that heating decreased displacement (MD 0.2mm [-1.73 to 2.13] vs control) but 266 
no significant within or between group differences.  267 
 268 
 269 
Passive stiffness 270 
Kubo et al.
36
 found heating resulted in slight reductions to tendon stiffness during slow, 271 
passive lengthening physiological movements (MD 0.4N/mm [-11.73 to 12.53] vs baseline).  272 
 273 
Figures 3 and 4 are Forest plots summarising the within and between group effects for Cold 274 
and Heat.    275 
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 277 
Effect of Heat or Cold used in combination with stretching  278 
A large number of studies compared the effects of stretching only, to stretching combined 279 
with either cold 
22,24,25,32,37,45,51 
or heat interventions,
18,19,22,23,24,28,29,30,33,35,37,43,47,51,53
 with all 280 
studies reporting ROM. Figures 5 and 6 summarise the individual effect sizes reported in 281 
each study.  282 
 283 
 284 
Cold & Stretching vs Stretching only (Single intervention) 285 
Five studies
22,25,32,37,51
 found effects in favour of cold and stretching over stretching alone 286 
based on a single intervention. Brodowicz et al.
22
 recorded the largest increase in ROM [MD 287 
22.6 degrees 95% CI (-17.1 to 62.3)], with others finding MD’s of 6.1 degrees [95% CI -1.43 288 
to 13.63])
25
  and 3.9 degrees (CI’s not available).32 Effect sizes in the remaining studies were 289 
small and statistically insignificant.
37,51
  290 
 291 
Cold & Stretching vs Stretching only (Multiple interventions) 292 
Three studies used multiple interventions over periods of 5 days 
24,37
 or four weeks.
45 
There 293 
were no significant differences in ROM at the end of each study; the largest between group 294 
differences were in favour of stretching only (MD 2.4 degrees [95% CI -1.7 to 6.5]).
24
   295 
 296 
 297 
Heat & Stretching vs Stretching only (Single intervention) 298 
Eleven out of twelve studies
18,22,23,28,29,30,33,37,43,47,51,53
  reported larger increases in ROM after 299 
a single intervention of heating and stretching compared to stretching alone. Only two effects 300 
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in favour of heat and stretching reached statistical significance (MD 2.9 degrees [95% CI 301 
1.36 to 4.44])
18
 (MD 5 degrees [95% 1.12 to 8.88]).
37
 302 
 303 
 304 
Heat & Stretching VERSUS Stretching only (Multiple interventions) 305 
10 studies 
18,19,23,24,28,29,30,35,37,43
 examined the effects of multiple interventions undertaken 306 
over periods of up to 5 weeks. Four studies
19,24,28,35
 found little differences in ROM between 307 
groups, at the end of the intervention package. The remaining six 
18,23,29,30,37,43
 found effects 308 
in favour of stretching and heat, with four
19, 29,30,37
 reaching statistical significance. The 309 
largest effect in favour of heating and stretching was reported by Draper et al.
30
 based on a 310 
MD of 10.9 degrees (95% CI 4.76 to 17.04 vs stretching alone).  311 
 312 
Heating Dose 313 
Few studies compared different modes of thermal interventions. Two studies found 314 
significantly greater increases in ROM based on a pulsed, dry heating device (pneumatherm) 315 
[MD 6.6 degrees (CI 2.32 to 10.88)]
26
 and SWD [MD 1.1 degrees (CI 0.13 to 2.07)],
48
 316 
compared to a moist heat pack. Interestingly, Sakulsriprasert et al.
49
 found that heating for 15 317 
minutes resulted in larger increases in ankle ROM, than a 30 minute treatment duration (MD 318 
2.52 degrees [95% CI 0.27 to 4.77]). One study
35
 compared combinations of hot pack and 319 
stretching with ultrasound and stretching; despite recording active and passive ankle ROM 320 
after 2, 4 and 6 weeks of treatment, there were no significant differences between groups.  321 
 322 
 323 
Duration of Effects  324 
15 
 
A small number of studies reported outcomes beyond the immediate stages after treatment. 325 
Despite reporting an immediate effect on knee stiffness, two studies found no significant 326 
differences at 15
52
 and 20 minutes
20
 after icing. Reed et al.
47
 and Henricson et al.
33
 found that 327 
heating and stretching combined, and stretching alone, both significantly increased knee joint 328 
ROM for up to 30 minutes after treatment, but there were no between group differences.  329 
 330 
 331 
Discussion 332 
Summary of findings 333 
This is the first review to systematically examine the in vivo effects of thermal interventions 334 
on ROM and biomechanical properties of soft tissues. There was a consistently high risk of 335 
bias across included studies, and we were unable to meaningfully sub-group studies into high 336 
and low quality. Few studies reported adequate sequence generation or allocation 337 
concealment. Equally, few studies undertook blinding of outcome assessors or adequately 338 
described missing outcomes or how these were managed. Overall, the poor quality of 339 
evidence, and the small number of participants within many included studies, means that 340 
findings should be interpreted with some degree of caution.  341 
 342 
There were conflicting data on the effect of cold on ROM, accessory joint movement, and 343 
passive stiffness. There was clearer evidence that heat increases ROM with a number of 344 
studies showing statistically and clinically significant effects. Both cold and heat seem to be 345 
effective adjuncts to stretching; however larger increases in ROM were attained using a 346 
combination of heat and stretch.  347 
 348 
 349 
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Therapeutic heating 350 
Increasing soft tissue temperature prior to sports and exercise is an accepted practice. Heat is 351 
thought to alter the viscoelastic properties of collagenous tissues in preparation for physical 352 
activity. In accordance with current practice, we found clear trends that heating immediately 353 
increases ROM at a variety of joints. There was further evidence that heat improves the 354 
therapeutic effects of stretching; this was evident after a single treatment intervention in 11 355 
out of 12 studies with two studies
18,37
 reporting significant effects over stretching alone. 356 
Furthermore, cumulative increases in ROM were reported when heat and stretching were 357 
repeated over a period of days or months.  358 
 359 
There may be a number of mechanisms underpinning the heat induced increases in ROM 360 
reported. In vitro research into the effects of temperature on tissue mechanics show explicit 361 
patterns with human supraspinatus,
12
 canine patellar tendon
15
 and porcine hamstring tendon
16
 362 
all showing reduced stiffness and greater viscous mechanical behaviour at higher 363 
temperatures. In contrast, cooling is associated with an increased force response in 364 
ligaments,
11
 and increased muscle stiffness.
13,14
 Notwithstanding this, it is unlikely that the 365 
included human studies could replicate the large temperature changes induced within in vitro 366 
models. We also found conflicting evidence on the effect of temperature on related 367 
mechanical properties such as accessory joint movement, and passive stiffness. A more likely 368 
mechanism is that heat increased patients’ stretch tolerance based on sensory stimulation and 369 
analgesia. This aligns with the theory is that increased muscle extensibility after stretching is 370 
primarily due to modification of sensation rather than acute changes in tissue mechanics.
54-56
  371 
 372 
 373 
Thermal dose 374 
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The fundamental principle for thermal interventions is to transfer or extract heat energy from 375 
the body. The magnitude of energy transfer and the resultant temperature fluctuation is a key 376 
determinant of therapeutic effect. Studies in this review employed a range of thermal 377 
interventions, of which many were topical agents such as ice packs, hot packs or water 378 
immersion. Large temperature changes may be difficult to achieve with topical agents, due to 379 
the insulating effect of adiposity.
57 
In the current review, only two studies
40,50
 considered 380 
intramuscular temperature change, with the largest increase reported to be just 0.4°C.
50
 381 
Previous studies confirm that deep thermal modalities such as US, can rapidly increase deep 382 
(3cm) tissue temperature by >4°C,
58,59
 perhaps suggesting a superior therapeutic effect. 383 
Direct comparison between deep and superficial heating agents was limited to two 384 
studies,
26,48
 with both finding larger increases in ROM with deep heating agents. Another 385 
interesting observation was that studies undertaking stretching and heating 386 
simultaneously,
18,23,30,37,43
 generally reported larger effects (over stretching alone), than those 387 
which initiated stretching shortly after heating.
19,24,35
 Tissue temperature has been shown to 388 
drop rapidly after removal of a heating agent;
58
 and potentially, applying heat and stretching 389 
simultaneously can maximise its therapeutic effects.  390 
 391 
 392 
Cold, heat and stretching 393 
Heating and cooling agents are regarded as having opposing physiological effects in terms of 394 
temperature, blood flow and metabolism. Although the effect of cold on tissue stiffness and 395 
joint laxity was unclear, an interesting trend was that cold may enhance the acute effects of 396 
stretching. Although in vitro findings suggest that tissue compliance decreases at lower 397 
temperatures,
11-16
  deep muscle temperatures are unlikely to change in vivo.
60 
 Again it is 398 
likely that the observed increases in ROM associated with concomitant cooling and stretching 399 
18 
 
are due to cold analgesia increasing stretch tolerance, permitting stretching into more extreme 400 
ranges.
54-56
  401 
 402 
Comparison across studies suggests that more consistent gains in ROM were generally 403 
associated with combined heat and stretch. There was also evidence that heat and stretching 404 
had a significant effect on ROM when used habitually over a period of weeks. This concurs 405 
with clinical studies which found heat and stretching to be superior to stretching alone in the 406 
management of adhesive capsulitis.
61 
 407 
 408 
 409 
Cooling pre-exercise 410 
Cold agents are often applied prior to sport or other physical activities. For example, athletes 411 
often apply short periods of cooling at the side line or during half time, before returning to 412 
sporting competition. A growing trend is the use of pre-cooling before exercising in the heat. 413 
Recent systematic reviews advise caution when undertaking physical activity immediately 414 
after cryotherapy; this is due to short term but adverse changes to joint proprioception
8 
and 415 
muscle strength.
9
 A related concern is that cooling reduces tissue compliance and ROM; 416 
however this cannot be fully substantiated from the current evidence base. The effects of 417 
local cooling on joint ROM were conflicting. Of note, the cold induced decreases in ROM 418 
were generally small, and may only be relevant for competitive sporting situations requiring 419 
maximum ROM. Notwithstanding this, tissue stiffness and compliance are important factors 420 
determining performance and injury risk 
62
 and the in vivo effect of temperature on these 421 
parameters remains unclear, and is an important area for future study.  422 
 423 
 424 
19 
 
Limitations and future study 425 
The majority of studies in the current review applied thermal agents to muscle. Tendons and 426 
ligaments have unique mechanical properties and may respond differently to changes in 427 
temperature. This is an important area for future research as tendon mechanics have an 428 
important role in sporting performance. Indeed, different sports need different levels of 429 
musculoskeletal compliance. Sports involving jumping or bounding carry a high volume of 430 
stretch shortening demands and therefore favour a more elastic, compliant tendon whereas 431 
less compliant tendon are suited to sports where isometric or concentric activity 432 
predominates.
63
 An interesting concept may be the judicious use of thermal agents to 433 
optimise tendon mechanics and force transmission prior to sport. 434 
 435 
Our primary focus was on the effects of thermal interventions, and potential differences in 436 
stretching techniques were not addressed. In studies comparing heat and stretch, or ice and 437 
stretch versus stretch alone, the stretching dose was standardised across groups, in terms of its 438 
mode, duration and frequency.  Subsequent research should consider whether heating or 439 
cooling complements certain stretching techniques or dosages.  440 
 441 
Perhaps the most significant limitation is the high risk of bias across included studies. Future 442 
studies should incorporate: a randomised controlled design with adequate sequence 443 
generation and allocation concealment, and ensure effective and explicit blinding of outcome. 444 
 445 
 446 
Conclusion 447 
Thermal agents are commonly used in a variety of capacities throughout sport and 448 
rehabilitation and we must have strong rationale for their use. An inherent limitation in the 449 
20 
 
current evidence base is the high risk of bias. The majority of studies have focused on effects 450 
of thermal agents on ROM. Although the effects of cold are conflicting, there was clearer 451 
evidence that heat increases ROM. This seems to provide a therapeutic window which 452 
ameliorates the effects of stretching interventions on ROM; and there was clear evidence that 453 
combined heat and stretching is more effective than stretching alone. These findings seem to 454 
support the use of heat an adjunct to developmental and therapeutic stretching techniques. 455 
The effects of heat or ice on key mechanical properties such as passive stiffness remain 456 
equivocal, and should be the focus of future study.  457 
 458 
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Figure Legends  
Figure 1: Summary of search strategy and selection process based on included and excluded 
studies 
Figure 2: Included studies: Risk of bias summary 
Figure 3: Forest plot of within group comparisons (Pre Thermal treatment (Baseline) versus 
Post Thermal treatment)  
Figure 4: Forest plot of between group comparisons (Thermal treatment versus Control)  
Figure 5: Forest plot of between group comparisons (Ice & stretch versus Stretch only)  
Figure 6: Forest plot of between group comparisons (Heat & stretch versus Stretch only)  
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Table 1. Summary of Study Characteristics 
 
 
AUTHOR  
(STUDY  
TYPE)  
SUBJECT / INCLUSION 
CRITERIA 
INTERVENTION 
[FINAL TISSUE TEMPERATURE REPORTED 
°C] 
OUTCOMES RECORDED 
[FOLLOW UP] 
SIGNIFICANT CHANGES 
WITHIN GROUPS  
 
  
SIGNIFICANT CHANGES 
BETWEEN GROUPS  
 
COLD VS CONTROL 
 
Newton, 1985 
RCT 
 
N=84 healthy 
10 male, 74 female 
Aged: Collegiate age 
 
-COLD: Fluori-Methane Spray  
-COLD: Isopropyl alcohol  
-COLD: Ethyl chloride  
Each applied 6 times (5 sec each and 3 sec off) to the 
posterior aspect of the thigh 
-CONTROL: No intervention 
SPECIALLY DESIGNED TABLE 
1. Passive hip flexion  
 
[immediately post Rx] 
 
No significant findings No significant findings 
Price & 
Lehmann,1990 
Single group: 
before/after 
N=10 healthy 
5 male, 5 female 
Aged: 20-29 yrs 
 
- COLD: Ice water pack 30 min (gastrocnemius) ANKLE MEASUREMENT SYSTEM 
(footplate, motor, EMG, 
torque/displacement transducers) 
1. Elastic stiffness (Nm/rad) 
2. Viscous stiffness (N/m./rad) 
 
[immediately post Rx] 
1 and 2 increased [Immediate] 
 
N/A 
Uchio et al., 
2003 
Single group: 
before/after 
N=20 healthy 
10 male, 10 female 
Mean age: 21-28 yrs 
 
-COLD: Cooling pad 15 mins at 4°C (knee joint) 
[skin temperature: 21.6°C] 
 
KNEE 
KT 2000 ARTHROMETER  
1. Total joint displacement (mm) 
2. Terminal stiffness (N/mm ) 
 
[immediately, 15 mins post Rx] 
1. Decreased [Immediate] 
2. Increased [Immediate] 
 
 
N/A 
Melnyk et al., 
2006 
Single group: 
before/after 
N=15 healthy  
Mean age: 25 (± 3.6 yrs) 
-COLD: Automatic water cooler 20 minutes (knee joint) 
[skin temperature: 10.1 (±1.5°)] 
 
ACCELERATED PISTON 
APPLYING POSTERIOR TO 
ANTERIOR FORCE ON TIBIA 
1. Tibial translation distance (mm) 
2. Tibial velocity (mm / s-1) 
 
[immediately post Rx] 
No significant findings N/A 
Muraoka et al., 
2007 
Single group: 
before/after  
N=6 healthy males  
Mean age: 27 (± 4yrs) 
 
  
-COLD: CWI 60 min at 5-8°C (lower leg) 
[skin temperature:22.8 (±2.5°); intramuscular 
temperature:28.1 (±-1.3°)] 
 
ANKLE 
DYNAMOMETER / 
ULTRASONOGRAPHY / EMG  
1. Passive stiffness (N/mm2) 
1. Increased [Immediate] 
 
 
  
N/A 
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2. Gastrocnemius muscle fasicle 
length (mm via US) 
 
[immediately post Rx] 
Patterson et al., 
2008 
Single group: 
before/after  
 
N=21 healthy 
7 male, 13 female 
Mean age: 19.8 (± 1.2 yrs) 
-COLD: CWI 20 mins at 10°C (lower leg with water 
turbulence) 
SELF REPORTED DONIMANT 
ANKLE 
UNIVERSAL GONIOMETER 
Active ROM (deg) 
1. D/F 
2. P/F  
3. Eversion 
4. Inversion 
 
[immediately and at 5 minute intervals 
up to 30 minutes] 
1. Decreased [7 and 12 mins post 
Rx] 
 
N/A 
 
 
 
Arguello, 2009 
Rand Crossover 
(1 day between 
conditions) 
 
N=14 
Mean age: 24 (± 3 yrs) 
-COLD: Cooling pad 20 mins (knee) 
[skin temperature: 18.26 (±2.3°)] 
-CONTROL: Room temperature pad 20 min (knee) 
KNEE 
HAND HELD GONIOMETER 
1. Active ROM (degrees) 
KT 1000 ARTHROMETER  
2. Knee joint displacement (mm) 
 
[immediately, 20 min post Rx] 
2. Decreased in COLD 
[Immediate] 
 
 
 
2. COLD < CONTROL 
 
 
HEAT VS COLD 
 
Minton, 1992 
Crossover 
N=18 healthy 
5 male, 13 female 
Ages not stated 
 
-COLD: Crushed ice secured with elastic wrap 20 mins 
(hamstring) 
-HEAT: Heating pads secured with elastic wrap 20 mins 
(hamstring) 
 
HAMSTRING 
GONIOMETER (hand held) 
1. Active SLR (deg) 
 
[immediately post Rx] 
1. Increased
 
in BOTH GROUPS 
[immediate] 
 
No significant findings 
Benoit et al., 
1996 
Crossover (1 
day between 
conditions) 
 
 
N=15 healthy 
8 male, 7 female 
Mean age: 22.8 (± 2.5yrs) 
 
-COLD: CWI 20 mins at 15°C (4 inches above patella) 
-HEAT: HWI 20 mins at 40°C (4 inches above patella) 
-CONTROL: No Intervention 
 
KNEE 
KT 1000 ARTHROMETER  
1. Joint displacement with 89N  (cm) 
2. Joint displacement with maximal 
force (cm) 
 
[immediately post Rx] 
No significant findings No significant findings 
Kubo et al., 
2005 
Rand Crossover 
(separate days)  
 
N=8 healthy males 
Mean age: 26 (± 2yrs) 
 
 
 
-COLD: CWI 30 mins at 5°C (to head of fibula) 
-HEAT: HWI 30 min at 42°C (to head of fibula) 
 
 
 
ANKLE 
DYNAMOMETER / 
ULTRASONOGRAPHY / EMG  
1. Passive torque (Nm) 
2. Passive stiffness (N/mm) 
 
[immediately post Rx] 
No significant findings No significant findings 
 
HEAT VS CONTROL 
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Reed & 
Ashikaga, 1997 
Single group: 
before/after 
N=25 healthy  
12 male, 13 female 
Mean age: 23.6 yrs 
 
 
-HEAT: Continuous US (1 MHz, 1.5 w/cm2), 8 minutes 
(knee) 
GENUCOM ARTHROMETER 
ELECTROGONIOMETERS 
1. anterior-posterior drawer test at 90° 
of knee flexion,  
2. varus/valgus test at 0° of knee 
flexion (full extension),  
3. varus/valgus at 20° of knee flexion,  
4. the genu recurvatum test. 
 
[immediately post Rx] 
2-4. Increased [immediate] 
 
N/A 
Funk et al., 
2001 
Rand Crossover  
(7 days between 
conditions) 
N =30 healthy males 
Aged: 18-22 yrs 
 
-HEAT: Hot moist pack 20 minutes at 160°F (hamstring) 
-STRETCH: 3 x 30 secs hamstring. 
GONIOMETER 
1. Passive knee extension (deg) 
2. Subjective assessment of both 
treatment (questionnaire) 
 
[immediately post Rx] 
 
- 1. HEAT >STRETCH [immediate] 
2. Subjects believed hot pack was less 
beneficial. 
Sawyer et al., 
2003 
RCT (leg 
randomised to 
treatment or 
control) 
 
N=27 male (3 unable to 
complete) 
Mean age: 21.9 (± 6.3 yrs) 
(> 20°  from full knee extension 
with the hip flexed to 90°) 
-HEAT: Moist heat pad applied until muscle temperature 
increased by 0.4°C (hamstring) 
[Intramuscular temperature (2.54 cm below skin surface) 
increased by 0.4°C] 
-CONTROL 
 
HAND HELD GONIOMETER 
1. Active knee extension (deg) 
 
[immediately post, 4, 8 and 16 mins 
Rx] 
1. Increased
 
in BOTH GROUPS 
[immediate]; increased in Heat [4 
mins post Rx] 
 
No significant findings 
Cosgray et al., 
2004 
Rand Crossover  
(24 hours 
between 
conditions) 
N=30 healthy males 
Mean age: 22.3 (± 3.1 yrs) 
(popliteal angle 
measurement > 10° from 
vertical in the supine 90°/90° 
(hip/knee) position) 
-HEAT: Pneumatherm heating 20 mins (posterior thigh) 
-HEAT: Moist heat pack 20 mins (posterior thigh) 
-CONTROL: Dry terry cloths 20 mins  
FLUID FILLED GONIOMETER 
1. Active knee extension (deg) 
 
[immediately post Rx] 
1. Increased in HEAT 
(pneumatherm) [immediate] 
 
 
1. HEAT (pneumatherm) > CONTROL 
[immediate] 
Robertson et al., 
2005 
Rand Crossover 
(36 hrs between 
conditions) 
N=24 healthy  
12 male, 12 female 
Mean age: 21.5 (± 2.5yrs) 
-HEAT: SWD 15 mins (calf) 
-HEAT: Hot pack 15 mins (calf) 
-CONTROL: no intervention 
INCLINOMETER 
1. Weightbearing ankle D/F (deg)  
 
[immediately post Rx] 
- 1. HEAT (SWD) > HEAT (hot pack); 
HEAT (SWD) > CONTROL 
[immediate] 
Demura et al., 
2006 
Rand Crossover 
(Time between 
conditions not 
clear) 
N=24 healthy 
10 males, mean age 20.9 (± 3.1 
yrs); 14 females, mean age 21.2 
(± 1.7 yrs) 
-HEAT: polarised infra-red light 10 mins (shoulder) 
-PLACEBO: Placebo heating, 10 mins (shoulder) 
-LIGHT EXERCISE:10 mins (shoulder) 
HAND HELD GONIOMETER 
Active shoulder ROM (deg) 
1. Shoulder flexion  
2. Shoulder extension  
3. Total ROM  
 
[immediately post Rx] 
1-3. Increased in HEAT 
[immediate] 
 
1-3. HEAT> PLACEBO [immediate] 
Sakulsriprasert 
et al., 2010 
RCT 
N=75 healthy  
30 male, 45 female 
Aged: 18-25 yrs 
-HEAT: Hot pack 15 mins at 45°C (calf)  
-HEAT: Hot pack 30 mins at 45°C (calf)  
-CONTROL: No intervention 
INCLINOMETER 
1.Weightbearing active ankle D/F 
(deg) 
- 1. HEAT (15 mins) > CONTROL; 
HEAT (15 mins) > HEAT (30 mins)]
 
[immediate] 
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[immediately post Rx] 
 
 
Kain et al., 2011 
RCT 
N=31 healthy junior/senior 
college students 
 
-HEAT: Hot pack 20 minutes (shoulder) 
-MYOFASCIAL RELEASE: 3 mins (shoulder) 
GONIOMETER  
SHOULDER 
Passive ROM (deg) 
1. Flexion  
2. Extension  
3. Abduction  
 
[immediately post Rx] 
1-3. Increased
 
in BOTH GROUPS 
[immediate] 
No significant findings 
 
ICE & STRETCH VS STRETCH ONLY 
 
Halkovich et al., 
1981 
 
RCT 
 
N=30 healthy 
13 male, 17 female 
Mean age: 24.5 yrs 
 
-COLD: Fluori-Methane spray, six applications, 5 sec on 
and 3 sec off (skin overlying the hamstring muscles when 
in a stretched position) 
-CONTROL: Held in a stretched position for 45 sec  
 
SPECIALLY DESIGNED TABLE 
1. Passive hip flexion (side lying 
SLR) (deg) 
 
[immediately post Rx] 
 
- 1).  COLD >CONTROL
 
[immediate] 
Cornelius et al., 
1992 
 
RCT 
N=120 males  
Mean age 21.5 (±2.7 yrs) 
-STRETCH ONLY: PNF stretching 
-STRETCH ONLY: Passive stretch 
-COLD & STRETCH 1: PNF stretching with ice cubes 
10 mins (posterior thigh) 
-COLD & STRETCH 2: Passive stretch with ice (ice 
cubes) 10 mins (posterior thigh) 
 
LEIGHTON FLEXOMETER 
Hip flexion (deg) 
 
[immediately post Rx] 
 
-  No significant findings 
Rancour et al., 
2010 
RCT 
 
 
N=33 healthy 
22 male, 17 female 
Aged: 18-50 
 
- COLD & STRETCH: Ice 10 min and hamstring stretch  
-STRETCH ONLY: Hamstrings 
 
Standardised Rx: Daily Rx for 4 weeks 
HIP FLEXION 
DOUBLE ARM GONIOMETER 
1. Passive SLR (supine position)  
 
[weekly during Rx and for 4 weeks 
post Rx] 
 
 1. Increased
 
in BOTH GROUPS
 
[immediate]  
1.Decreased
 
in both groups [4 
weeks after the final Rx] 
 
No significant findings 
 
HEAT/ICE & STRETCH VS STRETCH ONLY 
 
Lentell et al., 
1992 
RCT 
N=92 U.S. healthy males 
Mean age: 24.3 (± 4.1 yrs) 
 -HEAT & STRETCH: Moist hot packs at ~66°C 
(shoulder) during stretch 
-COLD & STRETCH: Ice pack ~0°C (shoulder), during 
stretch 
-HEAT & STRETCH AND ICE: Moist heat and stretch 
followed by ice pack 
-STRETCH ONLY 
-CONTROL: No Intervention 
SHOULDER 
UNIVERSAL GONIOMETER 
1. Passive external rotation (supine 
position) 
 
[immediately post Rx; 3 days 
following final Rx] 
- 
 
 
 
1. HEAT & STRETCH > STRETCH 
ONLY
 
[immediate; 3 day after final 
Rx]  
1.HEAT & STRETCH > CONTROL  
[3 days after final Rx]   
 
37 
 
 
Standardised Rx: Three 40 mins Rx over a 5 day period. 
Taylor et al., 
1995 
Rand Crossover 
(at least 7 days 
between 
conditions) 
N=24 U.S. Army population 
12 male, 12 female 
Mean age: 25.46 yrs 
 
- HEAT & STRETCH: Hot pack (77°C) 20 min 
(posterior thigh) followed by 1 min hamstring stretch.  
- COLD & STRETCH: Cold gel pack (-18°C) 20 min 
(posterior thigh) followed by 1 min hamstring stretch.  
- STRETCH ONLY.  
ELECTRONIC INCLINOMETER 
Lying supine with the hip of the 
treated thigh flexed to 90°. 
1. Active knee extension 
 
[immediately post Rx]  
1. Increased
 
in ALL GROUPS 
[immediate] 
No significant findings 
Brodowicz et 
al., 1996 
RCT 
 
N=24 healthy male athletes 
Mean age: 20.7 (± 1.2 yrs) 
 
-HEAT & STRETCH: Heat 20 mins (posterior thigh) 
during stretching 
-COLD & STRETCH: Ice 20 mins (posterior thigh) 
during stretching  
-STRETCH ONLY: 20 minutes stretching  
HAMSTRING 
Leighton flexometer  
1. Active SLR (deg) 
 
[immediately post Rx] 
- 1. COLD & STRETCH  > HEAT & 
STRETCH; COLD & STRETCH > 
CONTROL [immediate] 
Burke et al., 
2001 
RCT 
 
N=45 healthy 
24 male, 21 female 
Age range: 18-25 yrs 
 
-HEAT & STRETCH: HWI 10 mins at 44°C (up to 
gluteal fold) followed by PNF training  
-COLD & STRETCH: CWI 10 mins at 8°C (up to gluteal 
fold) then PNF training 
-STRETCH ONLY: 10 min (standing) then PNF training 
  
Standardised Rx: PNF training to increase SLR, 
intervention every day for 5 days 
HAMSTRING 
GONIOMETER  
1. Active SLR (deg) 
 
[immediately post Rx] 
 
 
1. Increased
 
in ALL GROUPS 
[immediate] 
No significant findings 
 
HEAT & STRETCH VS STRETCH ONLY 
 
Henricson et al., 
1984 
RCT 
N=30 healthy 
15 male, 15 female 
Mean age: 30 (± 0.5 yrs) 
 
-HEAT & STRETCH: Electric heating pad 20 mins at 
43°C followed by the stretching 
-HEAT: Electric heating pad 20 mins at 43°C (lateral, 
medial and posterior portion of the thigh)  
-STRETCH ONLY: Stretching (SLR in supine position 
using a modified contract-relax technique)  
 
GONIOMETER RIGHT HIP 
Passive ROM (deg) 
1. Flexion  
2. abduction  
3. external rotation  
 
[immediately and 30 mins post Rx] 
1. Increased
 
in STRETCH ONLY 
[immediate]; increased in HEAT & 
STRETCH [immediate, 30 mins 
post Rx] 
2. Increased
 
in HEAT & 
STRETCH [immediate; 30 mins 
post Rx] 
3. Increased
 
in STRETCH ONLY 
[immediate; 30 mins post Rx] 
No significant findings 
Wessling et al., 
1987 
Rand Crossover 
(7 days between 
treatment 
sessions) 
N=30 healthy female students 
Mean age: 20-30 
-HEAT & STRETCH: Static stretch combined with US 
(1.5 W/cm2) 7 mins (triceps surae)  
-STRETCH ONLY: Static stretch 7 mins  
-CONTROL: No Rx 
GONIOMETER 
1. Active ankle D/F (deg) 
 
[immediately post Rx] 
 
1. Increased: HEAT & STRETCH; 
STRETCH ONLY [immediate] 
 
1. HEAT & STRETCH > CONTROL; 
HEAT & STRETCH > CONTROL
 
[immediate] 
Draper et al., 
1998 
RCT 
N=40 healthy college students 
18 male, 22 female 
Mean age: 20.4 (± 2.5 yrs) 
-HEAT & STRETCH: US 7 mins (3 MHz, 1.5 W/cm2) 
and stretching  
-STRETCH ONLY:  
 
Standardised Rx: Rx twice daily (>3 hours apart) for 5 
consecutive days. 
INCLINOMETER 
1. Weight-bearing active ankle D/F 
(deg) 
 
[immediately post Rx twice daily for 5 
consecutive days] 
 
1.  Increased in BOTH GROUPS 
[after 5 days of Rx] 
 
 
No significant findings 
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Reed 2000 
Rand Crossover  
(28 days 
between 
conditions) 
N=21 healthy women 
Mean age: 31.5 (± 11 yrs) 
 
-HEAT & STRETCH: Continuous US (3 MHz, 1.25 
W/cm2 for 2.5 mins) during static valgus stretch (10 ft-lb) 
-SHAM HEAT & STRETCH: Sham continuous US (0 
W/cm2 for 2.5 mins) and static valgus stretch (10 ft-lb)  
GENUCOM ARTHROMETER 
ELECTROGONIOMETERS 
1. Knee joint displacement (valgus 
and varus) (deg) 
 
[2.5, 17.5 and 32.5 mins post Rx] 
 
1.  Increased in BOTH GROUPS 
[17.5 and 32.5 mins post Rx] 
 
No significant findings 
Knight et al., 
2001 
RCT 
N=97  
38 male, 59 female 
Aged: 17-50 years  
(ankle D/F less than 20°) 
 
HEAT & STRETCH: Moist hot packs 15 mins at 73.8°C 
(planterflexors) followed by stretching (4 x 20 secs calf) 
-HEAT & STRETCH: US 7 mins (1 MHz, 1.5 W/cm2) 
followed by stretching (4 x 20 secs calf) 
-STRETCH ONLY: Stretch (4 x 20 secs calf) 
-EXERCISE: Minimum of 40 heel raises 
-CONTROL: No intervention  
 
Standardised Rx: 3 times week (every other day) for 6 
weeks; only twice in week 5. 
HAND HELD GONIOMETER 
1. Active ankle D/F (deg) 
2. Passive ankle D/F (deg) 
 
[2, 4 and 6 weeks follow up] 
1. Increased
 
in ALL GROUPS  
[weeks 2 and 4] 
2. Increased
 
in HEAT (US) & 
STRETCH [week 2] 
2. Increased in EXERCISE [week 
4] 
 2. Increased in HEAT (hot pack) 
& STRETCH; STRETCH ONLY 
[week 6] 
No significant findings 
Draper et al., 
2002 
RCT 
 
 
N= 37 college students 
11 male, 26 female 
Mean age: 20.46 (± 1.74 yrs) 
(SLR <100°) 
-HEAT & STRETCH: PSWD 15 mins (hamstring) 
followed by stretching (3 x 30 secs hamstring) 
-SHAM & STRETCH: Sham PSWD 15 mins 
(hamstring) followed by stretching (3 x 30 secs 
hamstring) 
-CONTROL: No Rx  
 
Standardised Rx: Rx once daily for 5 days 
SIT AND REACH BOX 
1. Sit and reach distance (cm) 
 
[immediately after Rx for 5 
consecutive days; additional follow up 
3 days after final Rx] 
 
1. Increased
 
in ALL GROUPS  
[immediate; 3 day follow up] 
 
No significant findings 
Peres et al., 
2002 
RCT 
N=60 healthy (44 completed 
study) 
21 male, 23 female 
Aged: 22.5 (± 2 yrs) 
 
 
-HEAT & STRETCH: PSWD 20 mins (triceps surae) 
during stretch 10 mins (calf) 
-HEAT & STRETCH & ICE: PSWD 20 mins (triceps 
surae) and stretch 10 mins (calf) and ice 5 mins (triceps 
surae) 
-STRETCH ONLY: Stretch 10 mins (calf) 
 
Standardised Rx: used static stretch; 14 Rx over 3 weeks 
DIGITAL INCLINOMETER 
1. Passive ankle D/F (deg) 
 
[immediately post Rx over 
consecutive 14 days; additional follow 
up 6 days after final Rx] 
 
1.Increased in ALL GROUPS 
[immediate, 6 day follow up] 
1. No significant findings 
 
Draper et al., 
2004 
RCT 
 
N=30 healthy  
19 male, 11female 
Mean age: 21.5 yrs 
(< 160° of knee extension with 
the hip at 90° of flexion).  
 
-HEAT & STRETCH: PSWD 15 mins (distal 
hamstrings) during stretch 10 mins (hamstrings)  
-SHAM HEAT & STRETCH: Sham heating 15 mins 
(distal hamstrings) during stretch 10 mins (hamstrings) 
-CONTROL: No Rx  
 
Standardised Rx: daily Rx for 5 days  
HAND HELD GONIOMETER 
1. Active knee extension (deg) 
 
[immediately post Rx for 5 
consecutive days; additional follow up 
3 days after final Rx] 
1. Increased in HEAT & 
STRETCH; SHAM HEAT & 
STRETCH [mean daily increase 
over 5 days] 
 
1. HEAT & STRETCH > SHAM 
HEAT & STRETCH [after 3,4 and 5 
days of Rx; 3 days after final Rx] 
Brucker et al., 
2005 
RCT 
 
N=23 Healthy college-age 
8 male, 15 female 
Mean age: 22.7 (±2.1 yrs) 
5 subjects dropped out: 3 were 
unavailable and 2 subjects did 
not report for the study. 
-HEAT & STRETCH: PSWD 20 mins during stretch 
-STRETCH ONLY: Stretch (low-load, prolonged, long-
duration calf) 
 
Standardised Rx: 14 Rx over 3 weeks 
DIGITAL INCLINOMETER 
1. Passive ankle D/F (deg) 
 
[immediately post Rx over 3 weeks; 
additional follow up at 3 and 17 days 
after final Rx]  
1. Increased
 
in BOTH GROUPS 
[Day 19, 24, 39] 
 
 
No significant findings 
Akbari et al., N=50 Inactive boys -HEAT & STRETCH: US 5 mins followed by stretch (4 GONIOMETER 1. Increased
 
in ALL GROUPS No significant differences 
39 
 
2006 
RCT 
Aged: 12-14 yrs 
(SLR < 70°) 
 
x 15 secs hamstring)  
-HEAT & STRETCH: US for 5 mins followed by stretch 
(2 x 30 secs hamstring)  
-HEAT: US 5 mins (hamstring) 
-STRETCH ONLY: 4 x 15 secs hamstring 
-STRETCH ONLY: 2x 30 secs hamstring 
 
Standardised Rx: Rx 10 times (every other day) for 3 
weeks. 
1. SLR (passive knee extension) (deg) 
 
[after 3 weeks of Rx] 
[after 3 weeks of Rx] 
 
 
Aijaz et al., 
2007 
RCT 
N=30 healthy males  
Mean age: 24.13 
(ankle D/F less than 20°) 
- HEAT & STRETCH: Static stretch (calf) and US 
(1MHz) applied to the plantar flexors for first 7 mins of 
10 mins stretch protocol  
- STRETCH ONLY: Static stretch (calf) for 10 mins  
 
Standardised Rx: Rx once daily for 5 consecutive days. 
HAND HELD GONIOMETER 
1. Active ankle D/F (deg) 
 
[immediately after Rx for 5 
consecutive days; additional follow up 
3 days after final Rx] 
1. Increased
 
in BOTH GROUPS 
[immediately after 5 days of Rx; 3 
days after final Rx] 
1. HEAT & STRETCH > STRETCH 
ONLY [immediately after 5 days of 
Rx; 3 days after final Rx] 
 
